Distributed generations (DGs) 
INTRODUCTION
Distributed generation is defined as a small electric power source usually connected to distribution networks or even in the consumer's side of the meter [1] . Nowadays, the use of DG in the power distribution is increasingly growing fast. There are several reasons behind this amazing growth such as: reduction in transmission and distribution costs, power loss reduction, voltage improvement, shorter time installation, lesser investment risk, and last but not least the environmental impact [2] [3] . In recent years several studies consider techniques for the sizing and sitting of DG units into distribution systems for simultaneous minimization of the cost of network upgrading, losses, energy not supplied and customer energy [6] . El-Khattam et al. in [5] used a heuristic approach to determine the optimal DG size and location in distribution systems from an investment point of view. Borges and Falcao [7] proposed a methodology for optimal DG allocation and sizing in order to minimize the network losses and to guarantee an acceptable reliability level and voltage profile. Wang and Nehir [8] presented analytical approaches to determine the optimal location to place DG in radial and meshed system with respect to the power losses.
PROBLEM STATEMENT
Typically, distribution systems are composed of substations connected by feeders. To ensure substation of feeder capacity, distribution utilities planners forecast their territories load growth for several future years. For the available system without DG, when the load demand increases by the maximum load limit, system reinforcement compensates the load growth. In the presence of DG, the DG may reduce the net peak demand of the feeder where it is connected, by releasing upstream exiting generation and transmission capacity to compensate the load growth. Distributed generation systems (such as fuel cells, combustion engines, micro-turbines, etc) can reduce the system loss and defer investment on transmission and distribution expansion. In order to obtain a proper DG sitting and sizing, many uncertainties are required to be minimized, generally speaking in real life systems, where the operation of DG is affected by the strategies of the electricity producers, customer demand, and the zonal load time variation characteristics. Different customers would have different strategies for operating their DG and accordingly, the process of turning on and off each DG units will be a random process. Due to random contribution of the DG to the power system a stochastic approach is adopted for uncertainty investigation. In this approach several scenarios are evaluated by different DG locations, variable DG generation and level penetration injected into the system. In the proposed algorithm, distributed generation Prague, 8- 
Where, V i is the voltage of bus i, P i and Q i are the active and reactive powers of node i respectively, and i=1,2,3 ... n.
The DG units are simulated with their required active power and reactive power. A Monte Carlo-based power flow algorithm is employed to estimate the distribution substation power, the system bus voltages and angles, the primary distribution feeder currents, and the total system power losses under different DG operating conditions. The flow chart of the applied Monte Carlo-based algorithm is shown in Fig.1 .The power flow equations are solved using NewtonRaphson iteration with three random features (DG at on/off state, locations, DG generated power).The system equations are updated and the solved equations are used to calculate each bus voltage, each feeder section current and power losses. The final values of these parameters at this stage are achieved by running Monte Carlo simulation.
SYSTEM CONFIGURATION
The system under study is the typical IEEE 30-bus system shown in Fig. 2 . The system is modeled with all of its detailed parameters using MATLAB. The system is comprised of two centralized generating stations at buses 1 and 2 and three primary distribution substations (132/33 kV) at buses 10, 12, and 27. The primary distribution feeders working at 33 kV are connecting buses 10 to 30 (except bus 28 at transmission level, synchronous condenser buses 11 and 13) and junction nodes 20, 22, and 25. The primary distribution feeder's thermal capacity is assumed to be 20 MVA for all primary distribution feeders based on the system's steady-state load flow analysis under normal loading conditions. The primary distribution system total load is 120 MVA at normal operating conditions. The total load of the IEEE 30-bus system at normal operating condition is 320 MVA [9] . A maximum number of 11 DG units can be considered to operate at certain primary distribution buses, which have loads only. El-Khattem et al. [5] , assumed a capacity of each DG to be 4 MVA, working nominally at 0.9 power factors. The above well defined system is then employed to evaluate several scenarios with respect to location, variable DG generation and level penetration injected to the system. In all scenarios, the power exported from each DG unit to the primary distribution system is assumed to be varying randomly. The location of DGs, is assigned as deterministic and stochastic possibilities.
There are different scenarios in this work which tackle the inherent uncertainties associated with these parameters. The scenarios are described as follow: 1) Scenario A: The location of DGs is known and pre-defined. The DGs are placed at primary distribution load buses starting from large to small load buses. This scenario is considered as a deterministic evaluation which implies the utility-proposed location for the system. Another important parameter which has significant impact on uncertainty analysis with respect to DG size and location is the penetration level. To investigate this parameter, a comparison between two levels of penetration of DGs as 15% and 25% in both scenarios are executed.
RESULTS AND DISCUSSION
The proposed algorithm is applied for the system to consider the impact of placing DG at fixed and random locations. Figure 3 shows the results of the number of experiments versus DG random power in MW for scenario A where the DGs are placed at 6 large load buses. These buses are 15, 17, 19, 21 24, and 30. Each experiment represents the summation of all the generated powers in individual random DGs in the system at normal operating conditions. The same evaluation takes place for scenario B where a random integer number of DGs is evaluated in random locations at 11 primary distribution buses and results are presented in Fig.4 . These two presented cases are compared since the average random number selection of buses is eventually 6 out of 11 buses. Moreover scenario B is re-evaluated for 6 large load buses mentioned earlier. A convergence process for the total DG penetration level is depicted in Fig. 5 for all experiments. These are the DG converged power (MW) of Monte Carlo for the described scenarios which have 15% and 25% DG penetration levels, respectively. For more clarification, the results are summarized in Table I . As it is presented in Table I , an increase in penetration level from 15% to 25 % increases the efficiency of the DG to export power to the system, i.e. as the penetration level increases, the need and the capability of the system to absorb the generated DG power increases. Comparing the second and third column of Table I shows that the difference between DG converged power is considerably low at the penetration level of 25% and at decreasing penetration level of 15%, the difference increases. This is expected since when the DGs are placed randomly at 11 buses, the probability of obtaining the random DG exported power experiments which exceeds the total level is high. Prague, 8-11 June 2009 Paper 0968
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By implementing the proposed algorithm based on Monte Carlo convergences, the total system losses are calculated and shown in Table II . Comparing the power losses in Table II with the total power loss without DGs (17.628 MW) reveals that the system loss decreases for a system with the DG indicating that the saving in power loss increases. It should also be noted that the improvement is further noticed with the DG placed at fixed locations. The converged Monte Carlo voltage at all buses can be evaluated. Fig.s 6 and 7 show the results of Monte Carlo convergences of the voltages in the system at the penetration level of 15% and 25%, respectively. It can be noted that the DG improves the voltage profile. Also, when the DGs are considered in fixed locations, the improvement in voltage profile is more pronounced compared to random locations. 
CONCLUSIONS
The deterministic and the stochastic natures of the newly DG-structured systems are analyzed and the steady state performance is evaluated using a Monte Carlo algorithm. Three comprehensive cases are investigated using the proposed algorithm. In the deterministic case where the DGs are placed in locations proposed by utility, the reduction in the centralized power generation increases with inserting more DGs in the system. However, the results demonstrated that there is a limit to the number of DGs that can be installed with respect to voltage profile and the total penetration level. In the stochastic case which can be explained as the DG customerbased installations, the total penetration level plays a more effective role as the number of the DGs installed increases which is indicated with the higher power loss saving. Basically, the results obtained demonstrated how the random operation of DG units can affect the overall performance of the distribution system.
